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Abstract 
The cost of CO2 capture is a much debated question, and it is an important issue regarding development of CO2 
capture plants.  The gap in the estimates is so large on a global basis, and they exhibit a great variation based on the 
geographically location, type of capture technology and whether the plant is based on brown coal (lignite), coal or 
natural gas. This paper identifies some of the reasons for these gaps, and tries to suggest how capture cost estimates 
can be made more comparable. Comparing different cost estimates is challenging, and there exist no final answers 
of what should be included or where such a plant should be located.  Battery limits varies from estimated to 
estimates, and often are the assumption not included when a “cost per ton CO2” is presented. Two cost estimates can 
only be compared when all the assumptions are showed. Some people and institutes try to reduce the cost as much 
as they can, trying to make CO2 capture look cheaper than they are, but there are also some groups that would gain 
on high capture costs. Both ways, the costs is still estimation, and the uncertainty will always be a large question 
when it comes to cost estimation. But including the assumptions for the estimations is one step forwards to make 
more comparable cost estimations.  
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Introduction 
The cost of CO2 capture is much debated, and estimates range from 10's of € to 100's of €. The gap in these 
estimates can originate from site location, maturity and also by both capture technology and fuel type (brown coal 
(lignite), coal or natural gas) and availability. This paper will identify factors that give rise to these gaps, and suggest 
how capture cost estimates can be better understood and compared. The following main variables are taken in to 
account in this study: 
 
x Capture cost or  avoided cost (€/ton CO2) 
x Available heat/energy at plant 
x First of a kind (FOAK) vs Nth of a Kind (NOAK)- maturity/economy of scale  
x Brown site- green site 
x Operation philosophy 
x Learning curve 
x Type of capture technology 
x Type of industry 
x Safety code condition under construction and operation (Ex)  
x Utility systems, economy of scale  
x Location cost/location factor 
x Battery limit 
 
Capture cost or avoided cost (€/ton CO2) 
This should not be confused but often is. The same cost estimate can give large differences if the cost per ton CO2 is 
based on captured CO2 or avoided CO2. All the capture technologies use energy and that will have an effect on 
avoided cost whether this energy is produced from renewables or hydrocarbons. Figure 1 shows the differences in 
avoided and capture costs. A CCGT power plant without capture releases approx.150 t/h CO2. A capture plant will 
in this case only capture 85% of the CO2, so the capture plant will capture 127,5 t/h. A gas power plant with CCS 
will typically have a loss in efficiency in the range of 8-9 percentage points compared to a power plant without CCS. 
This is due to energy use in separating CO2 from flue gas in the form of heat absorption medium and pumps and 
fans that use electricity. This means that a 400 MW power plant will, because of these losses, only deliver about 360 
MW, the remaining 40 are used to run the capture facility. Consequently, if the output should be 400 MW, 40 MW 
has to be produced in another power plant. This has a large impact on the avoided costs. These 40 MW will produce 
an additional15 t/h CO2.  The capture plant will still capture 127.5 t/h but the 15 t/h that is released to the 
atmosphere needs to be subtracted when calculating avoided costs as described in figure 1.  
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Fig. 1 Captured and avoided costs per ton CO2  
 
Available heat/energy at plant 
Capturing CO2 with conventional technology is an energy-intensive process. Industrial plants often have waste heat 
or energy available that they do not utilize. If the CO2 capture plant can use this energy/heat, it can reduce cost, 
especially operational cost. Low-grade steam that cannot be used to produce electricity is well suited for capture 
technologies such as for example amine based post combustion.  
 
First of a kind- Nth of a Kind- immature market 
The cost estimates for the first of a kind (FOAK) and Nth of a kind (NOAK) will differ considerably, even if the 
same cost level is used. To ensure that the facilities are reliable, vendors will incorporate technical safety margins 
beyond what is customary for mature technology. This is reflected in increased capacity in the different parts of the 
plant, expensive materials, excessive instrumentation and redundancy. This is done to ensure that the plant 
collectively satisfies requirements for capacity and regularity. The cost estimates for the first of a kind (FOAK) and 
Nth of a kind (NOAK) will therefore differ considerably, even if the same cost level is used. Technology is 
considered as mature when efficiency, reliability and cost have no improvement from one plant to next one. This is 
also described in the section below.  
 
Learning curve 
The learning curve [1.] describes how technology development over time, for example for NOX removal, will 
influence and lower the costs. Cost will rise prior to construction of the first plant, at which point costs will be at a 
maximum plateau. Costs for subsequent plants built will be reduced until a balanced level is reached less than the 
first facility. This can be explained for instance by the removal of extra capacities, using the right material quality 
and removal of excessive instrumentation and control loops.  
 
The learning curve use historical data to estimate future costs for similar technology. Forecast is possible due to the 
large amount of data gained during factory production. The learning curve allows prediction of the cost of industrial 
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products or plant cost based on the same technology as source of obtained data. These curves are the standard 
methodology for projecting production costs or constant dollar capital costs based on the first unit or plant costs. 
The most commonly used type of curve assumes some reduction cost on each time while cumulative production is 
doubled. 
Co
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Fig. 2 Learning curve for new technologies  
Brown site- Green site 
An important assumption in a cost estimate relates to the status of the industry site as either brown field or green 
field. A green field site is a new site which has to be constructed completely whereas a brown field site is a site 
where industry exists or has been industry before. If existing utilities can be used, the brown field can be much 
cheaper than green field, but this depends on the requirements of the new plant.  
 
Operation philosophy 
There are two options for the operational philosophy that will influence the cost greatly. The capture plant can be 
built and operated as a separate facility or integrated into the industry/energy plant as an extension of the original 
operation. A “stand alone” operation philosophy requires a lot more resources, which includes manning for security, 
extra operators etc. Figure 3 and 4 shows the differences for both the capture plant and source plant. 
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Fig. 3 Self-contained capture plant and 
Fig. 4  combined capture plant and source 
Type of capture plant 
The CO2 capture technologies are usually divided into three categories: post-combustion, pre-combustion and 
oxyfuel combustion. Different types of capture technologies require different amounts of energy, cooling water and 
other utilities. A pre-combustion plant will have higher demands due to up-time than a post combustion facility. 
Costs for each solution will vary, and it is not possible to choose which is the most cost efficient technology, 
especially when novel technologies can, in the near future, become commercially available. Post-combustion 
technologies can be added to an existing energy plant and factories emitting large amounts of CO2. Therefore, its 
investments costs clearly will be different compared with pre-combustion technology, which can be applicable only 
to new fossil fuel power plants due to strong integration with the CO2 source. The oxyfuel combustion process is 
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very similar to post-combustion capture with one major difference; the combustion process is carried out with pure 
oxygen instead of air. This difference has a major impact on costs.  Pre-combustion and oxyfuel need higher up-time 
than post-combustion and therefore can post-combustion capture technology give lower capture cost. 
 
Type of industry 
There are great differences in the boundary conditions for capture in the various industrial sectors where CCS can be 
utilized. If the industry has high regularity and operates continuously, it will positively influence the cost level of the 
capture plant. The amount, temperature and pressure of the flue gas and also the CO2 concentrations will have an 
impact on the cost level of the capture plant. [2.] 
 
Safety code condition under construction and operation (Ex)  
A hazardous location is defined as a place where high concentrations of flammable gases, vapors, or dusts occur. 
Electrical equipment that must be installed in such locations is specially designed and tested to ensure it does not 
initiate an explosion, due to arcing contacts or high surface temperature of equipment. There are several 
disadvantages involved with construction and operation under these conditions. The most important is work permit 
systems with additional observers and the complete cessation of work if an incident occurs at the industrial site.  
 
Utilities systems 
Costs related to construction and operating of energy supply have important roles for current and future projects. 
The possibility of dividing this cost in existing clusters or building new in close proximity to another technology, 
thus allowing for such a cost split, have incredible impacts for the sustainable location of utility systems. Sharing 
utilities like (town water), cooling water, steam, electricity etc. will decrease costs for each plant, but will lead to 
more dependency and cooperation.  
 
Location factor 
The location will have a huge impact on the cost of a capture plant.  There are local conditions that are so special 
that it cannot be generally classified, but some general location factors include: 
x Infrastructure; Remote or urban area. Travel cost and accommodation will have effect on the cost and time 
of the construction work Reduced efficiency due to waiting time (for example for materials)  
x Climate; Reduced efficiency due to low temperature and rain/snow  
 
A generic CO2 capture plant is characterized by:  
x The facility is built on the cheapest place:  
o  Europe: Rotterdam  
o USA: US Gulf Coast  
x All help systems are brought up to the plot with no extra costs.  
x The facility is not built in an ex-area  
x Operation of the capture plant is treated as an extension of the Co2 source plant  
x Maximum purchase of equipment (ie, minimizing CAPEX).  
x Shared contracts i.e. no total guarantees.  
 
 
The site-specific factors consist of the following components:  
x Shared contracts, i.e. no total guarantees.  
x Construction characteristics:  
o the number of engineer hours and hours of engineering  
o total cost before implementation of site-specific factor  
o construction and whether there are requirements for explosion protection (ex-claims) during 
construction 
x Local conditions:  
o population density within an hour of travel Accessible from the plant and the percentage of 
technicians and engineers in the population  
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o transport for crane (trip / return) and for parts of central storage 
o number of days with precipitation per year and number of days per year with temperatures below -
5 ° C 
Figure 5 shows the location factors and how they varies for each industry type. A generic plant is equal for all, but 
the location factors will have different impact on the cost for each industry.  
 
 
Fig. 5 Location factors with respect to industry type for a CO2 capture plant 
 
Case study 
A case study is conducted and shows "generic" and "real site" costs for a CO2 capture plant.  The “base case” is a 
generic full scale post combustion (MEA) capture plant located at a 400 MW gas power plant. The estimate shows 
the extra costs for a first-of-a-kind plant, located in a remote area; built on a green field with safety code restrictions 
under construction. The climate is challenging, and the organisation is separate from the power plant. All these 
elements will influence the CAPEX and OPEX with different values, see figure 6. The values are typical and must 
not be used as historical data.  In addition, the difference in cost for capture and avoided CO2 is presented.  
 
CAPEX 
The generic capital cost is the basis for this cost estimate. The base case gives a typical level of cost in Euro for a 
generic MEA capture plant As this is a first of a kind, a value of 70 % is added to the base case. In addition, the site 
is placed in an oil and gas industry site, where the cost level is high. The plant is built in a green site, so there is no 
existing infrastructure to be used under construction. The plant is to be built in a remote area, where all the workers 
and equipment has to be transported from other places. If the plant was to be built in a large city or close to a large 
city, the costs for equipment and workers would decrease. The plant will be built in an area with safety code 
restrictions, and that will influence the effectivity in the construction and also result in additional costs for security, 
work permits etc. as described earlier in this paper. Due to challenging weather conditions, there will be some extra 
costs for reduced efficiency during construction. Finally, the costs will increase if the capture plant is to be operated 
as a separate organisation instead of an enlargement of the power plants organisation.  
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OPEX 
The generic operational cost is the basis for the costs with some small possible changes in the “real site” costs. Up-
time, operational philosophy and whether heat is available are the main cost drivers in addition to the cost level in 
the generic base case. 
  
 
 
 
Fig. 6 Cost estimation case study 
The differences in CO2 avoided and CO2 captured cost is well described in the first section of this paper. Figure 7 
shows how the costs is divided in capture cost and avoided cost. The main difference in the cost level is the generic 
cost.  
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Fig. 7 Avoided and captured costs 
Conclusions 
Comparing different cost estimates is challenging, and there exist no final answers of what should be included or 
where such a plant should be located.  Battery limits varies from estimated to estimates, and often are the 
assumption not included when a “cost per ton CO2” is presented. Two cost estimates can only be compared when all 
the assumptions are showed. Some people and institutes try to reduce the cost as much as they can, trying to make 
CO2 capture look cheaper than they are, but there are also some groups that would gain on high capture costs. Both 
ways, the costs is still estimation, and the uncertainty will always be a large question when it comes to cost 
estimation. But including the assumptions for the estimations is one step forwards to make more comparable cost 
estimations.  
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